Background: This systematic review evaluated St. John's wort (SJW) for the treatment of Major Depressive Disorder (MDD). The objectives of this review are to (1) evaluate the efficacy and safety of SJW in adults with MDD compared to placebo and active comparator and (2) evaluate whether the effects vary by severity of MDD. Methods: We searched PubMed, CINAHL, PsycINFO, CENTRAL, Embase, AMED, MANTIS, Web of Science, and ICTRP and existing reviews to November 2014. Two independent reviewers screened the citations, abstracted the data, and assessed the risk of bias. We included randomized controlled trials (RCTs) examining the effect of at least a 4-week administration of SJW on depression outcomes against placebo or active comparator in adults with MDD. Risk of bias was assessed using the Cochrane Risk of Bias tool and USPSTF criteria. Quality of evidence (QoE) was assessed using the GRADE approach. Results: Thirty-five studies examining 6993 patients met inclusion criteria; eight studies evaluated a hypericum extract that combined 0.3 % hypericin and 1-4 % hyperforin. The herb SJW was associated with more treatment responders than placebo (relative risk [RR] 
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Background
Depressive disorders are one of the largest sources of disease burden. More than 350 million people worldwide suffer from depression at any one time, and this number appears to be on the rise [1] . The condition affected approximately 15 million individuals in the USA in the last year, with a 12-month prevalence of 4.8 % in men and 8.2 % in women, yet the condition remains underdiagnosed and undertreated [2] . Depression has severe consequences for the lives of individuals. Nearly 43 % of those with severe depression in the USA report serious difficulties with work, home, or social activities [3] . Depression is also linked to an estimated productivity loss of 5.6 h per week and $40 billion a year [4] .
Pharmacotherapy and psychotherapy are established treatments and have been shown to be effective to treat depressive disorders, such as major depressive disorder (MDD). However, stigma, costs, discomfort with, or lack of availability of, mental health treatment, side effects of medication, and other factors cause many individuals to not seek standard treatments. For centuries, extracts of the herb St. John's wort (botanical name Hypericum perforatum L., SJW) have been used to treat various conditions, including depressive disorders. Existing clinical practice guidelines vary in their recommendations to include SJW as a treatment option for treating depressive disorders [5] . A Cochrane Review of SJW for depression documented available research studies published to 2008 and found a beneficial effect compared to both placebo and other antidepressant therapies across 29 doubleblind randomized controlled trials (RCTs) [6] . The review concluded that the available evidence suggested that hypericum extracts tested in the included trials are superior to placebo and patients with major depression and are similarly effective as standard antidepressants, and have fewer side effects than standard antidepressants. Overall, SJW has been considered safe but side effects have been noted, including photosensitivity, elevated thyroid stimulating hormones, hypertensive crisis, and induction of mania [7] . In addition, preparations of SJW vary in the amounts of active compounds they contain, which may make it difficult to compare across studies [8] .
In recent years, more research on SJW has been published in the international literature testing not only its effectiveness compared to placebo conditions but testing also its comparative effectiveness and comparative safety compared with standard antidepressant treatment. This review aims to synthesize all available RCTs in a comprehensive systematic review in order to provide reliable and current estimates of the effectiveness and comparative effectiveness and safety of SJW compared to placebo or antidepressant treatment in the treatment of adults with MDD (see Additional file 1 for PRISMA checklist).
We set out to answer the following review questions:
What are the efficacy and safety of SJW in adults with MDD compared to placebo and active comparator? Is there a difference in effect, depending on the type of MDD (i.e., mild, moderate, severe)?
Methods

Search strategy
We searched the electronic databases PubMed, CINAHL (Cumulative Index to Nursing and Allied Health Literature), PsycINFO, CENTRAL (Cochrane Central Register of Controlled Trials), Embase, AMED (Allied and Complementary Health Database), MANTIS (Manual, Alternative, and Natural Therapy Index System), Web of Science, and ICTRP (International Clinical Trials Registry Platform) without language restriction from January 2007 to November 2014 to identify recent reports of RCTs testing the efficacy and safety of SJW-used adjunctively or as monotherapy-to treat adults with MDD. RCTs published earlier than 2007 were identified through reference mining of included studies and previous systematic reviews related to SJW, including a Cochrane review that included trials on SJW for MDD published to July 2007 [6] . [6] . We screened all studies identified in the systematic searches, i.e., studies included or excluded from the Cochrane review. All studies included in the 2008 Cochrane review were eligible for inclusion, but our review also identified head-to-head trials comparing different St. John's wort extracts, different dosage, and standard antidepressant interventions (including psychotherapy). Our search was not limited to peer-reviewed literature; we included grey literature, such as conference abstracts. We contacted authors to obtain full-text publications cited in other reviews or indexed in databases that were not available through information retrieval services or the original publisher; but, due to resource restrains, we did not systematically contact all authors for potential additional studies or data. The search strategy is available online. (see Additional file 2).
Eligibility criteria
The inclusion and exclusion criteria for this review were developed using the framework of participants, interventions, comparators, outcomes, timing, settings, and study design or PICOTSS: 
Inclusion screening
All article screening and abstraction was conducted using the systematic review software DistillerSR (Evidence Partners, Ottawa, Canada). Two independent reviewers screened titles and abstracts of retrieved citations. Citations judged as potentially eligible by one or both reviewers were obtained as full text. The full-text publications were screened against the specified inclusion criteria by the two independent reviewers using a standardized and pilot-tested form; any disagreements were resolved through discussion within the review team. Studies reporting on the same participants were counted as one study regardless of the number of publications the results were presented in. All study-related publications were considered and contributed to the data extraction.
Data extraction
Two reviewers abstracted study-level information. Categorical data concerning study details were abstracted independently by both reviewers; free text information concerning study details were abstracted by one reviewer and checked by the review lead. The reviewers pilottested the data collection forms prior to data extraction to ensure agreement of interpretation. Numerical outcome data were abstracted and checked by a single biostatistician.
The following information was abstracted from each study:
Participants: MDD diagnostic criteria, baseline measure of depression symptoms, depression severity (mild, moderate, or severe) using the authors' description, depression history (e.g., recurrent), comorbidities, mean age and age range, gender Interventions: details including amount and type of active compounds contained in the SJW supplement, dosage, co-intervention(s) Comparators: type and description of comparator Outcomes assessed: assessment measures and primary endpoint, method of data expression (e.g., mean difference), results (effect estimate, precision) Timing: time-points of outcome assessment, duration of intervention Setting: country Study design: aim of study, inclusion and exclusion criteria, sample size and reported power calculations, funding source.
Outcome data were based on intention-to-treat (ITT) analyses. In the absence of reported ITT data, we used the number randomized as the denominator; in the absence of the number randomized, we used the number of participants at follow-up. All studies were analyzed using the latest reported follow-up; however, studies reporting follow-up only for a subsample of treatment responders were not considered. Follow-up used the baseline as the point of reference, not the end of treatment; most studies assessed treatment effects directly after the end of treatment but treatment duration varied. When multiple depression measures were available, we used HAMD scores to assess treatment effects on depression symptoms. We used the authors' definition of response to treatment, usually reflecting a 50 % decrease in HAMD scores. We used the authors' definition of remission, usually reflecting a HAMD score of less than seven or eight. We computed standardized mean differences (SMDs) for studies reporting continuous outcomes, relative risks (RRs) for treatment effect estimates, and odds ratios (ORs) for rare adverse events, together with the 95 % confidence interval (CI).
Risk of bias
Two reviewers independently assessed the risk of bias of included studies using the Cochrane Risk of Bias tool [9] and criteria used by the US Preventative Services Task Force [10] . We assessed random sequence generation (selection bias); allocation concealment (selection bias); blinding of participants and providers (performance bias); blinding of outcome assessors (detection bias); completeness of reporting outcome data (attrition bias); selective outcome reporting (reporting bias); whether treatment group received plus treatment as usual SJW and the control group received treatment as usual plus no additional treatment ("add-on trial"); washout periods or exclusion of individuals taking personal supplement; equal distribution among groups of potential confounders at baseline; crossovers or contamination between groups; equal, reliable, and valid outcome measurement; clear definitions of interventions; and ITT analysis. The criteria were used to rate the quality of individual studies using the following guidelines [10, 11] :
Good: Comparable groups are initially assembled and maintained throughout the study with at least 80 % follow-up; reliable, valid measurement is used and applied equally to all groups; interventions are clearly described; all important outcomes are considered; appropriate attention is given to confounders in analysis; and ITT analysis is used. Fair: One or more of the following issues is found in the study: some though not major differences between groups exist at follow-up; measurement instruments are acceptable but not ideal, though are generally applied equally; some but not all important outcomes are considered; some but not all potential confounders are accounted for in analyses. ITT analysis must be done. Poor: One or more of the following "fatal flaws" is found in the study: initially assembled groups are not comparable or maintained throughout the study; unreliable or invalid measurements are used or applied unequally across groups; key confounders are given little to no attention in analyses; ITT analysis is not used.
Critical appraisal assessments were used for sensitivity analyses by excluding poor quality studies to evaluate the robustness of findings.
Data synthesis
The primary aim of this systematic review was to determine effects of SJW on depressive symptoms, quality of life, and adverse events compared with placebo and active comparators. We differentiated effectiveness and comparative effectiveness analyses. Placebo trials were used to estimate the treatment effect of SJW by demonstrating effects that go beyond placebo effects. A further key aim of the review was to determine the comparative effectiveness of SJW compared with standard antidepressant treatment (both psychotherapy or antidepressant medication). Comparative effectiveness results and equivalence assessments of the efficacy and safety took the consistency of effects across individual studies and the statistical power to detect a statistically significant difference between treatment groups into account. For all efficacy outcomes and the number of patients with adverse events, we used the Hartung-Knapp-Sidik-Jonkman method for a random effects meta-analysis [12] [13] [14] .
For specific adverse events, many of which are very rare, we used exact conditional methods to estimate ORs and CIs. Heterogeneity was assessed using the I 2 statistic and values above 75 % were interpreted as possibly representing considerable heterogeneity.
We conducted preplanned subgroup analyses for different patient groups depending on the severity of depression. In studies comparing SJW to antidepressant medication we differentiated selective serotonin reuptake inhibitors (SSRIs), tricyclic antidepressants (imipramine, amitriptyline), and other (e.g., maprotiline, Deanxit). Further meta-regressions were conducted to identify sources of heterogeneity across studies where appropriate. We conducted sensitivity analyses to test the robustness of results (e.g., to test effects in studies with sufficient power to detect effect differences between study arms or excluding poor quality studies). Publication bias was assessed with the Begg and Egger tests; in the case of indications for bias, treatment estimates were estimated using the trim-and-fill method.
Quality of evidence
The quality of evidence was assessed using the GRADE approach [15] . The body of evidence was evaluated on the following dimensions: study limitations, inconsistency, directness, and precision. The quality was downgraded when results were primarily based on studies with substantial limitations and suspected risk of bias; when results were inconsistent across individual studies or the result was based on a single study without replication in an independent research study; in the presence of substantial heterogeneity in pooled analyses and variation in the direction of effects; when conclusions were based on indirect evidence (e.g., effects bases on subgroup analyses or meta-regressions in the absence of head-to-head comparisons); and when pooled results were imprecise estimates of the treatment effect with wide confidence intervals spanning effect sizes with different clinical conclusions. The quality of evidence was graded on a 4-item scale:
High indicates that review authors are very confident that the effect estimate lies close to the true effect for a given outcome, as the body of evidence has few or no deficiencies. As such, the reviewers believe the findings are stable and further research is very unlikely to change confidence in the effect estimate. Moderate indicates that the review authors are moderately confident that the effect estimate lies close to the true effect for a given outcome, as the body of evidence has some deficiencies. As such, the reviewers believe that the findings are likely to be stable, but further research may change confidence in the effect estimate and may even change the estimate. Low indicates that the review authors have limited confidence that the effect estimate lies close to the true effect for a given outcome, as the body of evidence has major or numerous (or both) deficiencies. As such, the reviewers believe that additional evidence is needed before concluding either that the findings are stable or that the effect estimate lies close to the true effect. Very low indicates that the review authors have very little confidence that the effect estimate lies close to the true effect for a given outcome, as the body of evidence has very major deficiencies. As such, the true effect is likely to be substantially different from the estimated effect; thus, any estimate of effect is very uncertain.
This review was registered in PROSPERO CRD42015016406.
Results
We identified 594 potentially relevant citations through the electronic database search and reference mining. We obtained 93 studies as full text. In total, 35 studies met inclusion criteria (see Fig. 1 for PRISMA diagram) . All studies addressed the efficacy of SJW reporting on the rate of treatment responders, mean scores on depression scales, or the number of patients in remission. Very few studies reported on relapse and quality of life and studies. In total, 34 studies addressed safety and reported on the number of patients with adverse events or the frequency of individual events. Risk of bias in included studies varied: ten studies were rated "good," 14 "fair," and 11 "poor" quality (see Table 1 ). Table 2 shows key characteristics of the included studies.
The summary of findings table (Table 3 ) summarizes the review findings by comparator and outcome, the GRADE score, and the reason for downgrading the quality of evidence, where applicable.
Review question 1: What are the efficacy and safety of SJW in adults with MDD compared to placebo or active comparator?
To answer our first research question, we examined the efficacy and safety of SJW compared to both placebo and standard antidepressant treatment.
SJW vs. placebo a. Efficacy. We found evidence that SJW is associated with statistically significant improvement in depression symptoms compared to placebo. SJW groups reported significantly more treatment responders (RR 1.53; CI Fig. 3 ) than participants receiving a placebo. Both analyses indicated substantial heterogeneity that lowered the quality of evidence. Sensitivity analyses showed very similar results when excluding poor quality studies indicating that the effects of SJW were not primarily driven by poor methodological quality.
We found no statistically significant difference in the number of patients in remission comparing SJW and placebo (RR 1.69; CI 0.63 to 4.55; 9 RCTs; I 2 94 %, N = 1419; Fig. 4 ). However, there was considerable heterogeneity which lowered the quality of evidence assessment and the direction of effects varied across studies: in the majority favoring SJW but two studies reported more patients in remission in the placebo arm. Results were similar when excluding poor quality studies and between-study heterogeneity was not reduced. In the majority of studies the number of patients in remission was small in both treatment arms. The median followup time across studies was 6 weeks (range 4-12 weeks).
Relapse was only assessed in one study without replication by another study and did not indicate a statistically significant difference between SJW and placebo. Quality of life was assessed in two fair quality trials; SJW treatment effects were shown to be superior for the mental but not for the physical component (see Table 3 ).
b. Safety. Most (34/35) of the included studies addressed the safety of SJW, but rigor of assessment varied greatly. In the included RCTs, SJW was not more likely to cause patients to experience adverse events than placebo overall (OR 0.83; CI 0.62, 1.13; 13 RCTs, Table 3 ). The total number of serious adverse events also did not differ significantly between patients who were administered SJW and those who were received a placebo (OR 0.26; CI 0.04, 1.23; 6 RCTs, Table 3 ).
Targeting specific adverse events by organ system, we found that adverse events in the neurologic/nervous system and various other organ systems (e.g., eye, ear, liver, renal, reproductive) were more likely in those taking SJW (OR 1.56; CI 1.08, 3.32; 14 RCTs); all other comparisons were not statistically significant (see Table 3 ). However, across studies, the adverse event assessments were limited and inadequate for the assessment of rare adverse events which lowered the quality of evidence.
SJW vs. antidepressants
a. Comparative efficacy. The included studies showed the efficacy of SJW for depression symptoms was comparable to antidepressant medication, with SJW being neither inferior nor superior. We found no systematic differences in the rate of treatment responders (RR 1.01; CI 0.90, 1.14; 17 RCTs; I 2 52 %; N = 2776; Fig. 5 ) comparing SJW and standard antidepressant medication. Patients also did not have different depression scale scores (SMD −0.03; CI −0.21, 0.15; 14 RCTs; I 2 74 %; N = 2248; Fig. 6 ) comparing the two treatment approaches but the heterogeneity was substantial (74 %). The effects for the treatment responder rate and depression scale scores remained stable when analyses were limited to RCTs that had reported a power calculation and that had sufficient statistical power to detect differences between treatments (treatment responders: RR 0.98; CI 0.80, 1.19; 5 RCTs; I 2 59 %; scale scores: SMD 0.03; CI −0.75, 0.84; 4 RCTs; I 2 91 %). Pooled estimates were similar when excluding poor quality studies; however, the study quality of this subset of studies was limited with mostly fair quality studies, which lowered our confidence in the evidence assessment.
Patients who received SJW did not experience remission from depression at statistically significantly lower or higher rates than patients who received antidepressants (RR 1.17; CI 0.84, 1.62; 7 RCTs; I 2 29 %; N = 787; Fig. 7 ). However, studies reporting on remission were limited due to study quality and the statistical power to detect differences between interventions was unclear. The quality of evidence was downgraded accordingly.
Only one RCT reported on depression relapse and quality of life and effect estimates were not replicated in another, independent study resulting in a very low quality of evidence rating (Table 3) .
All but one identified comparative study compared SJW to antidepressant medication. One study compared SJW and psychotherapy and no replication was identified in the literature. Meta-regressions comparing SSRIs, tricyclic antidepressants, and other antidepressants did not suggest a systematic association with the treatment effect estimates (outcome treatment responders p = 0.505; outcome depression scale scores p = 0.210; outcome remission p = 0.654). The majority of studies tested SJW compared to SSRIs. Subgroup analyses did not Other organ system (eye, ear, liver, renal, reproductive) adverse events show differences between SJW and SSRIs (outcome treatment responders RR 1.02; CI 0.87, 1.20; 11 RCTs; I 2 52 %; outcome depression scale scores SMD 0.10; CI −0.08, 0.27; 10 RCTs; I 2 59 %; outcome remission RR 1.09; CI 0.76, 1.56; 6 RCTs; I 2 27 %), but the heterogeneity was much lower than the analyses of SJW vs. all antidepressants, indicating that the type of antidepressants may be a source of differences between study results.
b. Comparative safety. In the included RCTs comparing SJW to standard antidepressant medications, there was evidence that more patients taking antidepressants experienced adverse events (OR 0.67; CI 0.56, 0.81; 11 RCTs; Table 3 ). Specifically, SJW was associated with fewer adverse events in the gastrointestinal (OR 0.43; CI 0.34, 0.55; 15 RCTs, Table 3 ) and neurologic (OR 0.29; CI 0.24, 0.36; 15 RCTs, Table 3 ) organ systems. Adverse events involving psychiatric or sexual functioning were also lower in patients treated with SJW, but only a small number of studies reported on these symptoms. Serious adverse events did not differ statistically significantly between the treatment approaches (OR 0.62; CI 0.05, 5.46; 4 RCTs, Table 3 ), but this result was also based on a small number of studies.
Subgroup analyses for different types of antidepressant medication were hindered by the small number of RCTs testing a specific antidepressant and reporting on specific adverse events. In the largest group of antidepressants used in studies, SSRIs, subgroup results were similar to the main analysis, but the difference in the number of participants with adverse events was not statistically significantly different (OR 0.81; CI 0.63, 1.04; 7 RCTs). There were fewer serious adverse events in the SJW group but the difference was not statistically significant (OR 0.62; CI 0.05, 5.46; 3 RCTs) across three RCTs. In studies on tricyclic antidepressants, more participants experienced adverse events than compared to SJW (OR 0.43; CI 0.25, 0.72; 3 RCTs) but only three studies contributed to this analysis. One RCT in this subgroup that reported on serious adverse events reported the absence of events in both groups.
The rigor of adverse event assessments and the reporting of recorded events varied greatly across studies. Comparative analyses were potentially limited due to the lack of statistical power to show differences in individual rare events. In addition, the RCTs only addressed a limited range of potential adverse events. Consequently, the quality of evidence was downgraded, in particular when sensitivity analyses excluding poor quality studies could not be performed or suggested different effect estimates.
Other results
We also investigated the comparative effects of the different extracts used in included studies. We found only one study that compared two different standardized extracts and three studies that compared different dosages, none of which found statistically significant differences between treatment arms. A meta-regression across studies did not indicate systematic differences in outcomes depending on the extract used (outcome treatment responders p = 0.347; outcome depression scale scores p = 0.127; outcome remission p = 0.371). An extract of 0.3 % hypericin and 1 to 4 % hyperforin was the tested extract with the largest number of RCTs (8 studies). Review question 2: Is there a difference in effect, depending on the type of MDD (i.e. mild, moderate, severe)?
We examined the variation in efficacy and safety of SJW by MDD severity to answer our second review question. Of the identified studies, 12 included patients with either mild or moderate depression. Three studies are limited to patients with moderate depression alone. No study was identified that examined patients with Fig. 3 SJW vs. placebo, depression scale standardized mean differences; RE random effects, SJW St. John's wort, SMD standardized mean differences mild depression alone. Finally, only one study was identified that focused exclusively on patients with severe depression.
SJW vs. placebo
A meta-regression aiming to identify an association between the depression severity and the size of the treatment effect of SJW compared to placebo did not indicate a systematic difference in any of the outcomes that had sufficient study numbers to enable analyses (outcome treatment responders p = 0.798; outcome depression scale scores p = 0.365; outcome remission p = 0.159). We determined that the quality of evidence that suggested that there is no difference in SJW effectiveness depending on depression severity as very low (Table 3 ). This was due to the fact that the results were based on an indirect comparison across studies (a meta-regression), the majority of samples were in mixed patient samples of combined mild or moderate-severe depression, and the absence of data on patients with severe depression which limited the range of depression severity that was analyzed.
We also found no indication that the number of patients with adverse events differed significantly between depression severity subgroups (p = 0.480); however, all limitations to the evidence base outlined in the effectiveness analyses apply equally to this analysis. The effect of SJW among only patients with mildmoderate depression was similar to main analyses for treatment responders (RR 1.45; CI 1.09, 1.92; 10 RCTs; I 2 71 %) and scale score (SMD 0.51; CI 0.20, 0.82; 9 RCTs; I 2 81 %) outcomes. Only three studies examined the effect of SJW on moderate depression against placebo, and all three showed significant effects in terms of treatment responder rate and depression scale scores [22, 37, 43] . These effects were nonsignificant in the pooled analyses of these three studies for treatment responders (RR 2.50; CI 0.16, 33.33; 3 RCTs; I 2 96 %) and severity (SMD 0.86; CI 1.11, 2.83; 3 RCTs; I 2 96 %), and we detected high heterogeneity between the trials. We identified no study reporting on patients with severe depression comparing SJW with placebo. Analyses could only be performed for selected outcomes due to the small number of studies in some subgroups. In addition, the large majority of studies were in samples of combined mild and moderate depression, hence potentially differential effects of SJW for patients with mild, moderate, or severe depression could not be determined.
SJW vs. antidepressants
We did not identify differences in effectiveness between the interventions in the mild and moderate subgroups analyzing the outcome number of treatment responders (RR 1; CI 0.77, 1. In the subgroup of moderate depression severity, there were no differences between interventions for the outcome number of treatment responders (RR 0.98; CI 0.88, 1.09; 4 RCTs; I2 0 %) or depression scale scores (SMD 0.13; CI −0.13, 0.45; 3 RCTs; I2 4 %). One RCT in severe depression [44] reported no statistically significant difference between the SJW extract LI 160 and imipramine for the number of treatment responders (RR 0.79; CI 0.45, 1.37; 1 RCT) or mean depression scale scores (SMD −0.17; CI −0.44, 0.11; 1 RCT).
Analyses could only be performed for selected outcomes due to the small number of studies in the subgroups. In addition, studies were primarily in samples of combined mild and moderate depression severity and only one study with patient with severe depression was identified. Consequently, whether the comparison between SJW and antidepressants differs systematically by depression severity could not be determined.
Discussion
The available evidence suggests that SJW extracts are effective in treating patients with mild and moderate MDD compared to placebo and comparable to antidepressants. Observed adverse events were fewer than compared to antidepressants, however, adverse event assessments were limited.
The existing evidence base indicates that SJW is a herbal alternative to antidepressant medication with fewer adverse events without compromising effectiveness in symptom improvement in mild and moderate depression. Improvements in depression symptoms were shown for treatment response rates and on standard clinical scales. Translating the shown effect size estimates into clinically meaningful units, the average response rate, i.e. participants showing a marked response to treatment, was 56 % for SJW compared to a response rate in patients treated with a placebo of 35 %. The mean standardized effect size estimate seen across studies is equivalent to a 3-point reduction on the HAMD scale compared to placebo treatment. Our confidence in the summary effect was downgraded to moderate quality of evidence due to heterogeneity across studies. While studies were consistently favoring SJW over placebo, the size of the treatment effect estimates varied substantially across included studies. Despite a large number of metaregressions and subgroup analyses, we were unable to identify significant sources of differences between studies that could explain the heterogeneity shown in the pooled results. Therefore, findings have to be interpreted with caution. Future research may provide more insights for which patient group SJW is particularly effective or which intervention characteristics are associated with larger treatment effects.
Our review also addressed the outcome remission using study authors' definitions, which usually corresponded to a HAMD score of less than seven or eight and indications that no further treatment was required. While remission rates were lower among participants using SJW compared to a placebo, these results were not statistically significant and the quality of evidence was low due to mixed study quality and differences in results across studies. The average proportion of patients in remission was 38 % in SJW treatment groups and 27 % in placebo groups.
The evidence base indicated that SJW was not less (or more) effective than antidepressants in treating major depressive disorder in patients with mild and moderate depression. Treatment response rates and depression severity did not differ between patients administered SJW and antidepressants, including studies that were explicitly designed to detect statistically significant differences between the treatment groups. Remission rates were also not significantly different but given the lack of effect shown in placebo trials and the limited quality of the identified studies this result has to be interpreted with caution. Remission rates were low in SJW as well as antidepressant arms (average 38 and 33 %, respectively); of note, the follow-up times in the included studies were relatively short (range 4-12 weeks).
Patients taking SJW were not more likely to experience adverse events than patients receiving a placebo across all assessed adverse events. Serious adverse event rates did not differ between the groups, but users of SJW experienced more adverse events related to the nervous system or to eye, ear, liver, renal, and reproductive organ systems. Conversely, SJW treatment was associated with fewer adverse events overall than antidepressants, and specifically for adverse events related to the gastrointestinal and nervous systems. Serious adverse events did not differ significantly between the two treatment groups, but only a few studies reported on adverse events and the identified RCTs were not designed to address rare adverse events. The quality of evidence of adverse event effect estimates was downgraded given that the rigor of assessments varied and the studies were not designed to detect rare events. Although all but one study reported on adverse events, the assessment and reporting varied considerably. Studies varied in particular on which adverse events they reported on; the presence or absence of serious adverse events was only addressed in a small proportion of studies. SJW has been linked to specific rare events such as hypertensive crisis and induction of mania, but the adverse event reporting in identified studies was often generic and concentrated on gastrointestinal aspects and tolerability. In order to advance our knowledge of the effects of SJW, empirical evidence of the presence and the absence of adverse events is critical and should be addressed in future research.
The presented analyses did not indicate that the effect of SJW on major depression differs by depression severity. However, the existing research is based on patients with mild or moderate depression. The mixed depression severity samples and the absence of data on patients with severe depression hindered any meaningful analysis. To date, the effects of SJW in patients with severe depression are not known. Clinicians need to be aware that results of our review may not extrapolate to include all patients with MDD.
As for clinical practice recommendations, there are demonstrated positive findings. Nonetheless, some concerns remain. Our review was in particular unable to dismiss concerns of rare adverse events that have been linked to SJW due to the lack of trials addressing these harms [7] . Some existing practice guidelines, such as the UK Guidelines for Depression in Adults [51] , advise not to prescribe SJW because of uncertainty about appropriate doses, persistence of effect, variation in the nature of preparations and potential serious interactions with other drugs (including oral contraceptives, anticoagulants, and anticonvulsants). A 2012 review advised against using SJW with oral contraceptives, as well as immunosuppressants or cardiovascular drugs and a review looking specifically at warfarin found interactions between SJW and this anticoagulant [52, 53] . Furthermore, a review of popular herbal preparations found SJW interacted with more medications than any of the other herbs and dietary supplements [54] . Postmarketing surveillance of spontaneous adverse drug reactions indicated that SJW produced a similar adverse event profile to fluoxetine, with mild and severe adverse events more common with SJW while life-threatening events were more common with fluoxetine but still occurred [55] . While reports of rare adverse events cannot be dismissed based on RCT data, it is noteworthy that SJW appears to have fewer adverse events than antidepressant medication in the reported comparative analyses.
A further relevant point for practice is that the research findings are based on SJW monotherapy. Existing research used the herb SJW as an alternative treatment to antidepressant medication, not as an additional treatment option that can be added to standard treatment. This aspect is in particular relevant to patients with severe depression. Post-marketing surveillance in Australia found that, though SJW was not often given with an SSRI, there was a high proportion of adverse effects when this occurred, including a report of lifethreatening serotonin syndrome [55] . While concerns about potential drug interactions will have prompted researchers to not provide patients with SJW in addition to standard antidepressant medication, we also did not identify studies that evaluated the effect of SJW treatment adjunctive to psychotherapy.
Too few studies compared the different extracts and dosages of SJW to draw meaningful conclusions about the differential effects of various types and amounts of the herb. There was similarly very low quality of evidence for the differential effect of SJW as an adjunctive therapy compared to it as a monotherapy due to a lack of trials on the comparison. The results of this review are comparable to the conclusions of a previous Cochrane review of SJW for major depression by Linde et al., in 2008, which found that SJW extracts are superior to placebo for MDD, are similarly effective as standard antidepressants, and have fewer side effects than standard antidepressants [6] . Our review included all but one of the 29 studies from that review [17-27, 29, 30, 34, 35, 37, 39-50] . One of the trials could not be retrieved [56] . Our review added an additional seven studies [16, 28, 31-33, 36, 38] that had been more recently published or included comparative effectiveness data. The proportion of non-German studies was higher in our study pool with half of included studies reporting on patients recruited in other countries. The findings of a more recent systematic review of pharmacological treatments for depressive disorders in primary care [5] were consistent with the previous review, in that hypericum extracts showed similar efficacy and better acceptability than antidepressants and are effective for the treatment of acute depression, though effects when compared to placebo were modest.
This review has several strengths: an a priori research design, a comprehensive search of electronic databases without language restriction, duplicate study selection and abstraction of study information, detailed risk of bias assessments, and comprehensive quality of evidence evaluations used to formulate review conclusions. However, some limitations are worth noting. First, we did not contact individual study authors; results reported in the review are based on published data. Some of the included studies were of poor quality, primarily due to lack of ITT or poor follow-up. The depression improvements associated with SJW were seen in the analyses of the number of treatment responders, as well as mean depression scale scores; however, both treatment effect estimates showed heterogeneity. A large number of subgroup and sensitivity analyses did not identify systematic sources of differences between studies, and heterogeneity remains as a limitation of the SJW evidence. Adverse event evidence is limited because the rigor of adverse event assessments varied greatly; comparative analyses were potentially limited due to the lack of statistical power to show differences in individual rare events; and, RCTs only assessed a limited range of potential adverse events.
Future research in this area should include more headto-head trials between specific extracts and dosages of SJW to evaluate their comparative effectiveness. While potential risks of drug interactions hinders research of SJW as an adjunctive treatment, research on SJW concomitant to psychotherapy are also missing. Future research studies should clearly report on the presence and absence of adverse events, in particular rare events linked to SJW. As quality of life is greatly affected by MDD, it would be important to see more studies of depression treatment include this measure. Adverse events should be systematically assessed to determine concrete evidence of the presence and absence of adverse events.
Conclusions
Our systematic review showed that SJW given as monotherapy for mild and moderate depression is superior to placebo in improving symptoms and not significantly different from antidepressant medication; however, there was evidence of substantial heterogeneity between studies and we were unable to identify systematic sources of differences between studies. In addition, there is a lack of research on applications of SJW in severe depression. SJW adverse events reported in included RCTs were comparable to placebo and fewer compared to antidepressant medication; however, adverse event assessments were limited and inadequate for rare events affecting our confidence in this conclusion. 
Additional files
